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cells after oxidative stress is best explained by the decreasedBcl-XL translocation in renal tubular epithelial cells in vitro
expression of anti-apoptotic Bcl-XL in proximal cells, as wellprotects distal cells from oxidative stress.
as translocation of Bcl-XL protein to mitochondria within theBackground. The molecular pathogenesis of different sensi-
surviving distal cells.tivities of the renal proximal and distal tubular cell populations
to ischemic injury, including ischemia-reperfusion (IR)-induced
oxidative stress, is not well-defined. An in vitro model of oxida-
tive stress was used to compare the survival of distal [Madin- Acute renal failure is a disease syndrome of the kidneyDarby canine kidney (MDCK)] and proximal [human kidney-2
that develops in many instances after ischemia-reperfu-(HK-2)] renal tubular epithelial cells, and to analyze for links
sion (IR) injury. Oxygen-derived free radicals (OFRs)between induced cell death and expression and localization of
selected members of the Bcl-2 gene family (anti-apoptotic Bcl-2 have been implicated in the protraction of oxidative
and Bcl-XL, pro-apoptotic Bax and Bad). stress-induced tissue injury following reperfusion. Some
Methods. Cells were treated with 1 mmol/L hydrogen perox- evidence for the influence of OFR and oxidative stresside (H2O2) or were grown in control medium for 24 hours. Cell in ischemic acute renal failure comes from the use ofdeath (apoptosis) was quantitated using defined morphological
electron paramagnetic resonance or spin-trap experi-criteria. DNA gel electrophoresis was used for biochemical
identification. Protein expression levels and cellular localiza- ments to detect OFR, as well as the use of free radical
tion of the selected Bcl-2 family proteins were analyzed (West- scavengers to diminish injury caused by IR [1, 2]. OFRs,
ern immunoblots, densitometry, immunoelectron microscopy). which may include superoxide, hydrogen peroxide (H2O2)Results. Apoptosis was minimal in control cultures and was
and the hydroxyl ion, intercalate into and affect manygreatest in treated proximal cell cultures (16.93 6 4.18% apo-
metabolic reactions, causing a rapid depletion in cellularptosis) compared with treated distal cell cultures (2.28 6 0.85%
apoptosis, P , 0.001). Endogenous expression of Bcl-XL and energy, a collapse of adenosine 59-triphosphate (ATP)
Bax, but not Bcl-2 or Bad, was identified in control distal cells. stores, and the production of oxidized lipids from cell
Bcl-XL and Bax had nonsignificant increases (P . 0.05) in these membranes [reviewed in 3]. Their destructive nature de-cells. Bcl-2, Bax, and Bcl-XL, but not Bad, were endogenously rives from their ability to attack and damage a numberexpressed in control proximal cells. Bcl-XL was significantly
of critical cellular components, including the membranesdecreased in treated proximal cultures (P , 0.05), with Bax
and Bcl-2 having nonsignificant increases (P . 0.05). Immu- of the cells and intracellular organelles, including mito-
noelectron microscopy localization indicated that control and chondria.
treated but surviving proximal cells had similar cytosolic and Sensitivity to ischemic or IR-induced injury differsmembrane localization of the Bcl-2 proteins. In comparison,
along the renal nephron [4–6], although the molecularsurviving cells in the treated distal cultures showed transloca-
basis for the difference remains poorly understood. Ation of Bcl-XL from cytosol to the mitochondria after treatment
with H2O2, a result that was confirmed using cell fractionation recent in vivo study was made of the interrelationship
and analysis of Bcl-XL expression levels of the membrane and between apoptosis, selected Bcl-2 gene family proteins,
cytosol proteins. Bax remained distributed evenly throughout and growth factor proteins in renal IR injury [7]. Thethe surviving distal cells, without particular attachment to any
proximal straight tubule was often seen to be acutelycellular organelle.
sensitive to IR, undergoing extensive necrosis and/orConclusion. The results indicate that in this in vitro model,
the increased survival of distal compared with proximal tubular apoptosis. The distal tubule was less sensitive to IR,
with the dying cells being predominantly apoptotic. An
increase in distal tubular expression of anti-apoptoticKey words: ischemia-reperfusion injury, hydrogen peroxide, kidney,
apoptosis, Bax, acute renal failure, oxygen free radicals. Bcl-2 and Bcl-XL occurred soon after reperfusion,
whereas expression of Bax, a pro-apoptotic protein, wasReceived for publication June 1, 2000
strongly increased in the proximal tubule, balanced byand in revised form November 27, 2000
Accepted for publication December 4, 2000 a moderate increase in Bcl-XL. Thus, the anti-apoptotic
balance of Bcl-2 and Bcl-XL proteins appeared to beÓ 2001 by the International Society of Nephrology
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protecting the distal rather than the proximal tubule
segments in this in vivo model. The relative importance
of protection of the distal nephron segment is as yet
unproved. The close physical association of the proximal
and distal nephron segments in vivo is suggestive, how-
ever, of a possible paracrine effect on the surviving proxi-
mal segments from the protected distal segment that is
a known reservoir of several important reparative or
anti-apoptotic growth factors [7].
Ischemia-reperfusion and OFRs are both associated
with cell injury that involves apoptosis or necrosis [2,
7–9]. Both are also linked closely with the Bcl-2 gene
family [7, 8, 10–12]. Bcl-2 is established as an important
gene in renal development and disease [reviewed in 13].
Fig. 1. Percentage cell death (apoptosis) in control ( ) or 1 mmol/L
The Bcl-2 protein protects against oxidative stress and hydrogen peroxide (j; H2O2)-treated human kidney-2 (HK-2; proxi-
mal) or Madin-Darby canine kidney (MDCK; distal) renal epithelialassociated tissue injury, possibly by localizing to intracel-
cells. Cell death was minimal in control cultures. Both HK-2 and MDCKlular sites where reactive oxygen species are generated,
cultures had a significant increase in apoptosis after treatment (HK-2,
including membranes of the mitochondria, nuclei, and P , 0.001, m); MDCK, P , 0.05, n). The percentage of cell death was
significantly higher in the treated proximal compared with treated distalendoplasmic reticulum [14–17]. With specific reference
cultures (P , 0.001, d).to the kidney, the role(s) of the Bcl-2 genes in oxidative
stress-induced injury and in particular their role(s) in
the differing sensitivities of proximal and distal tubular
epithelium to injury induced by IR is not clear. In the dishes for protein extraction and Western blots, or in 25
current study, sensitivity of renal proximal and distal cm2 flasks (Nunc, Naperville, IL, USA) for DNA analysis
tubule epithelial cells to oxidative stress was tested in or immunolocalization studies. Cells were treated at
vitro, along with an analysis of whether renal cell survival early confluence with either normal medium or 1 mmol/L
in either of the treated cell populations was linked with H2O2 in normal medium for 24 hours. The concentrationaltered expression or localization of the Bcl-2 proteins. was selected after a pilot study in which a range of con-
centrations between 0 and 1.5 mmol/L H2O2 indicated
METHODS the highest levels of cell death with little to no loss of
cell adherence at 1 mmol/L. Cells were washed withCell lines and culture maintenance
phosphate-buffered saline (PBS) before the addition ofMadin-Darby canine kidney (MDCK; distal tubular
DMEM containing H2O2 or fresh control media. Al-epithelial cells) and human kidney-2 (HK-2; proximal
though there is some indication that serum may be pro-tubular epithelial cells) were selected to compare the distal
tective against oxidative stress in in vitro experimentsand proximal nephron segments. These cell lines are im-
[23], our pilot studies did not show a difference betweenmortalized, but maintain characteristics of the renal distal
levels or type of cell death induced by 1 mmol/L H2O2and proximal cell populations [18, 19]. Although LLC-
in serum-free or 10% FCS medium. DMEM with serumPK1 cells (pig, proximal) are more often used in compari-
and antibiotics as detailed previously in this article wasson with the Madin-Darby canine kidney (MDCK) distal
used as the base for all control and H2O2 treatments.cells [20, 21], the HK-2 cell line was selected to make
use of this recently available human proximal cell line. Cell death assessment
This cell line comparison was also used by Kitten, Kreis-
Morphology. After the 24-hour treatment, glass cov-berg, and Olson [22]. The cells were cultured routinely
erslip cultures were washed with PBS and then fixed inin 25 cm2 flasks in Dulbecco’s modified Eagle’s medium
10% buffered formalin. Cells were stained with hematox-(DMEM; GIBCO BRL, Melbourne, Australia) con-
ylin and eosin (HE) using routine histologic methods.taining 10% fetal calf serum (FCS; Trace Scientific, Noble
Stained coverslips were mounted on histologic slides andPark, Australia), penicillin (1000 U/mL), and streptomy-
apoptosis, necrosis, and normal cells counted in 10 fieldscin (1 mg/mL; Biowhittaker, Walkersville, MD, USA),
at 3400 magnification. Cell death was identified by dis-subsequently termed normal or control medium. Cells
tinctive nuclear and cytoplasmic characteristics that arewere grown at 378C in a humidified atmosphere of 5%
seen easily in HE-stained monolayers of cells [24]. Occa-CO2 in air.
sional control and treated cultures were trypsinized, fixed
H2O2 treatments in 3% buffered glutaraldehyde, and resin-embedded,
and toluidine blue-stained sections were viewed for high-Cells were grown on glass coverslips in 12-well plates
for microscopic assessment of cell death, in 10 cm Petri magnification microscopic verification of modes of cell
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Fig. 2. Morphological evidence of apoptosis in HE-stained, H2O2-
treated MDCK cells (A) and a resin-embedded, toluidine-blue-stained
section of HK-2 cells (B). Arrows demonstrate some examples of apo-
ptosis. (C) High-power magnification of a blebbing apoptotic HK-2 cell.
A, B 5 3640; C 5 3860.
death. Apoptotic features were as follows: Shrunken sought: swollen cytoplasm with disrupted cell and organ-
elle membranes and lytic nuclear changes typical of ne-cells with typically condensed, marginated nuclear chro-
matin and intact cell membranes were given single crosis [24]. We elected not to use biochemical methods
of apoptosis identification, for example, TUNEL [25],counts; discrete apoptotic bodies comprising a large
dense nuclear fragment surrounded by a narrow cyto- as there is some evidence that this method of cell labeling
is not always specific for apoptosis [2, 7, 26, 27] andplasmic rim, if found singly, were given a single count;
clusters of small apoptotic bodies were also given a single that oxidative stress induces repairable, nonlethal, DNA
single- and double-strand breakage that is also detectedcount; any doubtful cells were disregarded [24]. Cells
with nuclear features of apoptosis but showing the char- by this biochemical method [2].
DNA fragmentation analysis. Control or treated cellsacteristics of secondary necrosis known to occur in cell
culture were also counted as apoptosis [24], but were also grown in 25 cm2 flasks were harvested using a plastic cell
scraper, pelleted, and washed in PBS. DNA was extractedrecorded separately from the apoptotic cells as described
previously in this article. Features of necrosis were also using a “DNAzol” DNA isolation kit (Life Technologies,
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Fig. 3. Apoptotic DNA fragmentation is shown by gel electrophoresis.
Lane 1 contains a marker of l DNA cut with EcoRI and Hind III
(21.23, 5.15, 4.98, 3.53, 2.03, 1.90, 1.58, 1.38, 0.95, 0.83, 0.56, and 0.12
kb). Lanes 2 and 3 contain 30 mg of DNA from control MDCK cells
(lane 2) or H2O2-treated MDCK cells (lane 3; typical apoptosis banding
patterns corresponding to multiples of 180 to 200 bp).
Fig. 4. Western immunoblot and densitometry for control and treated
MDCK cells. Both Bax (A) and Bcl-XL (B) show a nonsignificant in-
crease (P . 0.05) when treated with 1 mmol/L H2O2.
Melbourne, Australia). Resuspended DNA was mea-
sured for concentration and purity, and 30 mg were elec-
trophoresed for one hour at 100 V in a 1.8% agarose of Roy et al were followed [28]. Control or treated cul-
gel in TAE buffer [40 mmol/L Tris, 20 mmol/L acetic tures (1 mmol/L H2O2) were washed with PBS and
acid, 1 mmol/L ethylenediaminetetraacetic acid (EDTA) scraped from the dish surface in 500 mL of membrane
containing 0.3 mg/mL ethidium bromide]. Lamda DNA buffer (10 mmol/L Tris, pH 7.5, 25 mmol/L NaF, 5 mmol/L
cut with EcoRI and HindIII was used as a marker for MgCl2, 1 mmol/L EGTA, 100 mmol/L Na3VO4 containing
DNA fragment sizes. The gels were photographed under 154.2 mg/mL dithiothreitol, 33 mg/mL leupeptin, and
ultraviolet light. 3.3 mg/mL aprotinin). The cells were disrupted via re-
peated aspiration through a 27 G needle. After centrifu-
Protein analysis by Western immunoblot gation at 48C and 1000 r.p.m. for five minutes in a micro-
Whole-cell protein. Control or treated cultures were fuge to remove cell debris, the supernatant was spun at
washed with PBS, and then the cells were removed from 100,000 3 g at 48C for 30 minutes in a precooled rotor.
the dish surface using a routine tissue culture PBS/ver- The supernatant from this step was collected as the solu-
sene mix containing 2.5% trypsin and 0.15 mol/L NaCl. A ble or cytosolic fraction, and the pellet was resuspended
small aliquot of cells was fixed and kept for microscopic in 100 mL membrane buffer and sonicated until dissolved
evaluation. The remaining cells were disrupted in a cell to become the membrane fraction. The protein concen-
lysis buffer [150 mmol/L NaCl, 1% Nonidet P-40, 0.5% tration was determined by a Bradford protein assay, and
sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS)] 20 mg of each fraction were electrophoresed on a 10%
containing protease inhibitors (100 mg/mL phenylmethyl- SDS-polyacrylamide gel and transferred to a nitrocellu-
sulfonyl chloride, 20 mg/mL leupeptin, 20 mg/mL aproti- lose membrane.
nin; all Sigma-Aldrich Products, Castle Hill, Australia) Western immunoblot. The nitrocellulose membranes
via repeated aspiration through a 27 G needle. Cell de- were blocked overnight in 5% nonfat milk powder in
bris was removed using centrifugation at 14000 r.p.m., PBS (blotto). Expression of the Bcl-2 family proteins was
and protein concentration was determined in the super- analyzed using the following primary antibodies at a dilu-
natant by a Bradford protein assay kit (Bio-Rad Pty. tion of 1:400 in blotto:mouse anti-human Bcl-2 (Dako,
Ltd., Sydney, Australia) and spectroscopy. Forty micro- Botany, Australia), rabbit anti-human Bcl-XL/S, rabbit
grams of protein from each extraction were electropho- anti-human Bax, and goat anti-human Bad (all from
resed using a Bio-Rad mini-protean unit and a 10% SDS- Santa Cruz Biotechnology, Santa Cruz, CA, USA). For
polyacrylamide gel and transferred to a nitrocellulose analysis of whole-cell proteins, the secondary antibodies
membrane (NEN polyscreen PVDF transfer membrane; were used at a dilution of 1:1000 in blotto and were goat
Geneworks, Thebarton, Australia). anti-mouse IgG-alkaline phosphatase conjugated (IgG-
AP; Sigma-Aldrich), goat anti-rabbit IgG-AP (Sigma-Cytosol and membrane fraction protein. The methods
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Fig. 5. (A–C) Western immunoblot and den-
sitometry for control and treated HK-2 cells.
Bax and Bcl-2 show a nonsignificant increase
(P . 0.05). Bcl-XL has a significant decrease in
expression levels (*P , 0.05) in H2O2-treated
cells.
Aldrich), and rabbit anti-goat IgG-AP (Zymed, San RESULTS
Francisco, CA, USA). Membranes were developed using Cell death in proximal and distal cells
a Bio-Rad AP substrate kit. For the cell fractionation
Figure 1 demonstrates the comparative levels of cellanalysis, the secondary antibody used was goat anti-rab-
death (apoptosis) in MDCK and HK-2 control andbit–horseradish peroxidase-conjugated (New England
treated cultures. Cell death was minimal in control cul-Biolabs, Beverly, MA, USA) at 1:2000 dilution for 60
tures (HK-2, 0.51 6 0.67%; MDCK, 0.06 6 0.12%; nominutes. Membranes were developed using a Super Sig-
necrosis was identified). Susceptibility to cell death afternal West Pico kit from Pierce Pty. Ltd. (Rockford, IL,
H2O2 treatment was greatest in the HK-2 cells whereUSA) and exposed to film for 10 minutes.
16.93 6 4.18% apoptosis was recorded compared withDensitometry. The membranes were scanned using a
2.28 6 0.85% in the MDCK cells (P , 0.001). In theHewlett Packard ScanJet at 600 dpi, and NIH Image
treated HK-2 cultures, but not MDCK cultures, theresoftware was used to analyze the density of the bands
was a high proportion of cells assessed to be in “second-in arbitrary densitometry units.
ary necrosis” [24], a common degradative phase of apo-
ptosis found in cell cultures in which phagocytosis byImmunoelectron microscopy
adjacent viable cells does not occur. In treated HK-2Madin-Darby canine kidney and HK-2 cells were
cultures, 6.1% primary apoptosis and 10.8% “secondarytreated with 1 mmol/L H2O2 for 24 hours, washed with
necrosis” were recorded. The counts for primary apopto-PBS, and then fixed in a mixture of 4% paraformalde-
sis in treated HK-2 cells were also significantly higherhyde and 0.5% glutaraldehyde in PBS, pH 7.4. Cells
than apoptosis recorded in treated MDCK cultures (P ,were gently removed from the flask surface with a plastic
0.05). Photomicroscopic examples of apoptosis in treatedcell scraper after fixation and prepared routinely for elec-
MDCK (Fig. 2A) and HK-2 (Fig. 2B, C) cultures aretron microscopy with final embedding in LR White resin
demonstrated. DNA gel electrophoresis provided identi-(ProSciTech, Townsville, Australia). Ultrathin sections
fication of the typical apoptotic banding patterns at mul-were cut and placed on nickel grids. Primary (rabbit anti-
tiples of 180 to 200 bp in H2O2-treated cultures (Fig. 3).Bcl-2, anti-Bcl-XL/S and anti-Bax; 1:20 dilution; Santa
Cruz) and secondary antibodies (donkey anti-rabbit,
Protein analysis from whole-cell extractsgold labeled; 1:30 dilution; Chemicon, Temecula, CA,
Western blots from whole-cell protein extracts andUSA) were applied. The presence and localization of
densitometry results are demonstrated in Figures 4 andthe 10 nm gold particles were examined using electron
5, respectively. The distal MDCK cells (Fig. 4) had en-microscopy and photographed.
dogenous expression of Bcl-XL (28 kD) and Bax (22 kD),
Statistics but not Bcl-2 or Bad. We have not been able to identify
Bad in any immunoanalyses (immunohistochemistry,The percentage of cell death and arbitrary densitome-
Western blots) of human or experimental renal tissue.try units was expressed as mean 6 SD from three sets
The lack of endogenous Bcl-2 protein in the MDCKof experiments or blots. Student t tests were used to
cultures has been demonstrated before by others [29].determine significance of differences between treatments
and controls. P , 0.05 was considered to be significant. After treatment, the distal cell cultures showed a nonsig-
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Fig. 6. Immunolocalization of the Bcl-2 proteins in control or H2O2-treated MDCK cells (A–D) or HK-2 cells (E and F) is indicated by black
granular labeling. In control distal MDCK cells, Bax (A) was diffusely localized to the cytosol and some mitochondrial expression was found
(arrows). This localization did not change for the H2O2-treated, surviving, cells (B). Bcl-XL (C) was spread throughout the cytosol, but showed
little or no expression in mitochondria (arrows) of controls. However, in H2O2-treated cells, Bcl-XL (D) was found in mitochondria (arrows), as
well as in the cytosol, indicating Bcl-XL was able to translocate to the organelles when the cells were stressed. In control HK-2 cells, Bcl-XL, Bcl-2,
and Bax were diffusely spread throughout the cytosol, and this pattern did not alter in surviving cells after treatment with 1 mmol/L H2O2. Examples
are given for Bcl-XL under control (E) or treated (F) conditions (mitochondria are arrowed). Magnification for A, C, and E 5 339,000; B, D,
and F 5 354,000.
nificant increase in Bcl-XL and Bax (P . 0.05). The proxi- apoptotic Bcl-2 and pro-apoptotic Bax showed nonsig-
nificant increases (P . 0.05) with H2O2 treatment of themal HK-2 cells had endogenous expression of Bcl-XL,
HK-2 cells. Bcl-XL expression was found to be signifi-Bax, and Bcl-2 (27 kD), but not Bad (Fig. 5). Bcl-2 bands
cantly lower (P , 0.05) in treated cells compared within HK-2 protein extracts sometimes showed evidence of
controls.doublets, indicative of differing phosphorylation states
for the protein. There was no evidence for a predomi-
Immunoelectron microscopynance of either protein state, however, for control or
treated cells as had been found by others in retinoic Ultrastructural immunolocalization results for distal
and proximal cell cultures are presented in Figure 6. Inacid-treated leukemic cells [30]. The expression of anti-
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Fig. 6. (Continued)
control distal MDCK cells, Bax was diffusely spread distal tubular epithelial cell populations to oxidative
stress, with the proximal cells having a decreased sur-throughout the cytosol, and some mitochondrial localiza-
vival. The results are similar to those described in manytion was found (Fig. 6A). There was no alteration in
in vivo experimental models of renal oxidative stress,localization of Bax in surviving MDCK cells after treat-
and the model is therefore an appropriate one to analyzement (Fig. 6B). Bcl-XL was diffusely localized throughout
the molecular pathogenesis of the difference in sensitivi-the cytosol of control MDCK cells, with little or no
ties of the two populations. The relative expression levelsexpression in mitochondria (Fig. 6C). After treatment,
of the anti-apoptotic and pro-apoptotic Bcl-2 gene familyBcl-XL was found in mitochondria as well as in the cytosol
proteins found in the present study were, in general,(Fig. 6D). In control HK-2 cells, Bcl-XL, Bcl-2, and Bax
similar to those described in a recent in vivo study ofwere diffusely spread throughout the cytosol, and this
ischemic acute renal failure in the rat [7]. The present indid not alter after treatment with 1 mmol/L H2O2. Figure
vitro study, however, also demonstrates that the differing6 E and F demonstrate Bcl-XL expression patterns for
sensitivities of proximal and distal renal cell populationscontrol and treated HK-2 cells.
to oxidative stress may relate to a significantly decreased
Immunoblot analysis of Bcl-XL in cytosol or anti-apoptotic Bcl-XL expression in proximal cell cul-
membrane fractions tures, along with translocation of this protein to the mito-
chondria of the surviving cells of treated distal cells.Immunoelectron microscopy results with regard trans-
The results of present experiments using protein ex-location of Bcl-XL in MDCK cells but not HK-2 cells
tracts and Western immunoblots for the Bcl-2 gene fam-were compared against immunoanalysis using cell frac-
ily proteins in renal oxidative stress in vitro are discussedtionation and Bcl-XL protein expression in the soluble
in comparison with the in vivo experiments [7], and some(cytosol) and membrane fractions. Figure 7 details the
reasons are proposed for differences. Bad did not haveresults of this analysis (Western immunoblot and densi-
a presence or a role in the renal populations studied withtometry) and demonstrates that only the MDCK mem-
or without oxidative stress. Although Bad has provenbrane fraction had a significant increase in Bcl-XL protein
importance in other cell populations after oxidative stressexpression (P , 0.01) after treatment. HK-2 cells had
[30–32], this does not seem to be the case in the proximalnonsignificant decreases in Bcl-XL in the cytosolic and
and distal epithelial cell populations of the kidney inmembrane fractions after treatment using this type of
vitro. We have not been able to identify Bad in any immu-analysis.
noanalyses (immunohistochemistry, Western blots) of hu-
man or rat renal tissue (Gobe´, unpublished data).
DISCUSSION The most apparent difference in the results was that
in vitro, endogenous expression of Bcl-XL and Bax, butIn the present in vitro model, we have demonstrated
a distinct difference in response of renal proximal and not Bcl-2, was found in the untreated MDCK distal cells.
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body specificity that causes a lack of detection of Bcl-2
in MDCK cells, but that these cells do not express the
protein in the conditions that were used.
The lack of anti-apoptotic Bcl-2 in MDCK cells need
not detract from the relevance of the results of the pres-
ent study in comparing sensitivities of distal and proximal
cells to oxidative stress. In differing circumstances, the
survival actions of Bcl-2 can be taken over by another
anti-apoptotic Bcl-2 protein [17, 34]. Bcl-XL is known to
act in this way [17], and we believe this protein takes on
the major survival role in MDCK cells. The expression
of Bcl-XL in the normal MDCK distal cells, along with
results showing modulated expression on oxidative
stress, supports an argument that Bcl-XL is an important
anti-apoptosis protein in MDCK cells. Also, there are
now many articles that recognize that it is the dimeriza-
tion balance between levels of pro-apoptotic and anti-
apoptotic proteins that, in part, determines the overall
survival or death of a cell [reviewed in 34–37]. Thus, the
results from our comparison of proximal and distal cell
sensitivities to oxidative stress in in vivo and in vitro
Fig. 7. Western immunoblot and densitometry for Bcl-XL protein ex- models reinforce the concept that it is the relative levelspression in soluble (cytosol) or membrane fractions from control or
of anti-apoptotic versus pro-apoptotic proteins that de-H2O2-treated MDCK or HK-2 cells are demonstrated. Only the MDCK
membrane fraction had a significant increase in Bcl-XL protein expres- termine similar death or survival outcomes in two diverse
sion (***P , 0.01) after treatment, with the HK-2 cells having nonsig- sets of experiments.nificant decreases in Bcl-XL in both cytosolic and membrane fractions
In the in vivo experiments that we have used as ourafter treatment.
main comparison with the current in vitro study [7], there
was little to no expression of any of the Bcl-2 proteins
studied in control proximal tubules. After IR-induced
Bcl-2 expression was also not induced by treatment of injury, Bax had a strong increase in expression in the
MDCK cells with H2O2. In vivo, all three proteins were proximal tubular epithelium. Bcl-XL had a slight in-
found to have minimal expression in the distal tubule of crease, and Bcl-2 had little or no change. In vitro, the
untreated rat [7] and human kidneys (Gobe´, personal proximal cells endogenously expressed Bcl-2, Bax, and
observations), with Bcl-2 and Bcl-XL increasing after IR- Bcl-XL. Bax and Bcl-2 showed nonsignificant increases
induced injury. Lin et al have also reported no Bcl-2 in expression. Expression of Bcl-XL, however, was sig-
protein (anti-human Bcl-2 antibody) in control or treated nificantly decreased in treated cultures that had high
MDCK cultures [29]. Overexpression via transfection of levels of cell death. The relative balance of functional
human Bcl-2 into the MDCK cells improved the ability pro-apoptotic versus anti-apoptotic Bcl-2 gene members
of these cells to survive injurious stresses, with Bcl-2 (anti- is again argued to be the determinants of the fate of
human antibody) protein being detectable. Frisch et al these cells. The overall relative differences in expression
detected no Bcl-2 protein in MDCK cells using anti-human levels of Bcl-2 proteins in the in vivo (high Bax) and
Bcl-2 antibodies and opted to use Bcl-2 mRNA in their in vitro (low Bcl-XL) experiments provide at least one
analyses [33]. They found that cell density was a de- explanation for the apparent sensitivity of the proximal
termining factor for detection of Bcl-2 mRNA in MDCK tubular cell population to oxidative or IR-induced stress.
cultures. Densities over 4 3 104 cells/cm2 had no detect- Bcl-2 polypeptides are known to localize to intracellu-
able Bcl-2 mRNA as well as no Bcl-2 protein. Cultures lar sites where reactive oxygen species are generated,
in the present study were used at densities over 4 3 104 including membranes of the mitochondria, nuclei, and
cells/cm2. Species antibody specificity of the antihuman endoplasmic reticulum [14–16], and they have been shown
Bcl-2 antibodies against MDCK (dog) Bcl-2 protein must to inhibit apoptosis via an antioxidant pathway that pre-
be considered. In a recent trial using immunohistochem- vents cellular damage by reactive oxygen species [14].
istry and anti-human Bcl-2 antibody on formalin-fixed, The localization of the Bcl-2 proteins within stressed cells
paraffin-embedded sections of dog kidney (normal and provides an alternative explanation for protein action
in renal failure), both distal and proximal tubular epithe- compared with analysis of protein function of the pro-
lial cells showed some positivity (Gobe´, unpublished ob- teins by dimerization. For example, localization of the
anti-apoptotic proteins to the mitochondria may protectservations). Thus, we do not think that it is simply anti-
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these organelles against the damaging effects of oxida- lial cells to oxidative stress. Treated proximal tubular
cells had a significantly higher incidence of apoptosis thantive stress. From localization studies using confocal mi-
croscopy or cell fractionation and Western blots, it is distal cells. In this in vitro study, the difference is best
explained by the decrease in expression of anti-apoptoticbelieved that under normal conditions, Bcl-2 is com-
pletely membrane bound (outer nucleus, mitochondrial, Bcl-XL in the stressed proximal cell cultures and the
translocation of the same protein to the mitochondriaendoplasmic reticulum), that Bcl-XL is soluble and mem-
brane-bound, and that Bax is cytosolic [38, 39]. During of surviving treated distal cells. The results support a
case for Bcl-XL being an important cell survival proteincell injury, localization of the proteins to the membranes
of cellular organelles, particularly the mitochondria, is in some renal cell populations, and this may be species
determined. Although Bcl-2 was found to be a majorthought to control the release of other proteins that in
turn determine the cascade of messages for cell survival anti-apoptotic protein in a recent in vivo IR injury study
[7], a similar result to the current in vitro study has beenor death [reviewed in 34]. In the present study, the only
distinct change in ultrastructural localization of the Bcl-2 found in an in vivo rat model of global ischemia to the
brain, with protection of neurons by Bcl-XL rather thanproteins in surviving but injured cells was the transloca-
tion in MDCK cells of anti-apoptotic Bcl-XL from its Bcl-2 [46]. Mitochondrial translocation of anti-apoptotic
proteins is a probable pathway for cellular protectiondiffuse localization throughout the cytosol, and not the
mitochondria, of control cells to mitochondrial mem- against damage caused by IR-associated renal damage.
branes as well as cytosol in the treated cells. The analysis
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